Graft-versus-host disease (GVHD) is the most serious complication following bone marrow transplantation, with an incidence of 40-60%. The disease can be fatal in 50% of cases, even in patients receiving marrow from an HLA identical sibling.
Several assays have been developed to try to predict the development of GVHD, including mixed lymphocyte culture reaction, cytotoxic T lymphocyte precursor, and helper T lymphocyte precursor frequency assays. This review describes an in vitro skin explant model which has been used since 1988 for both predicting acute GVHD in HLA identical sibling bone marrow transplantation and studying the pathophysiology of the disease. The model involves sensitising donor lymphocytes in vitro in a primary mixed lymphocyte reaction and then evaluating the secondary response on patient skin biopsies by grading the graft-versus-host reactivity (grades I-IV) histopathologically. From analysis of collective data the model is a clear predictor of GVHD and superior to the other assays widely used, with a correlation of 82% with clinical outcome. The skin explant model allows the investigator to study the pathogenesis of GVHD. The cytokines TNFa and IFNy are shown to be important mediators of cellular damage in graft-versus-host reactions. Recent work has also involved using the model to study the alloreactivity of cord blood. The model is currently being assessed in several bone marrow transplantation centres in Europe on different patient groups including those who receive marrow from haploidentical and matched unrelated donors. ( Clin Pathol 1999;52:910-913) Keywords: bone marrow transplantation; graft-versus-host disease; skin explant model Bone marrow transplantation is increasingly used worldwide to treat a variety of malignant and non-malignant diseases. As the toxicity of the conditioning regimen diminishes and the treatment of infections improves, graft-versus-host disease (GVHD) emerges as the most serious complication of allogeneic grafting. Acute GVHD occurs in 40-60% of transplants and may be fatal in half of these, even in patients receiving HLA identical sibling or matched unrelated (MUD) donor transplants.'
The disease is difficult to treat and several assays have been developed to try to predict its development so that it can be prevented by increased prophylactic immunosuppression. The traditional method widely used as a functional test for alloreactivity between patient and donor is mixed lymphocyte culture (MLC). However, this is unable to determine either the number or the functional capacity of responding T lymphocytes and has proved insufficiently sensitive to predict the incidence and severity of GVHD after HLA identical sibling, haploidentical, or unrelated donor bone marrow transplants. In recent years, limiting dilution assays of cytotoxic T lymphocyte precursor (CTLp)2 and helper T lymphocyte precursor (HTLp) frequency assays3 have been used to detect T cell alloreactivity of donor against recipient, which cannot be deduced from HLA typing alone. These assays have been carried out either separately or combined and have been used for the detection of alloreactivity between matched unrelated and related transplants. HTLp assays in particular have been shown to be capable of detecting minor histocompatibility antigen (mHag) disparities between HLA identical siblings.4
In our laboratory we have used an in vitro skin explant model, originally described by Histopathological evaluation Standard 4 mm punch biopsies of skin are obtained from the patient. These are trimmed of excess dermis under sterile conditions and divided into 6-10 portions of equal size. Each portion is cultured separately in round bottom v microtitre plates with donor lymphocytes as described above. After three days of incubation, explants are fixed in 10% buffered forma-Aiw lin, sectioned, and stained with haematoxylin and eQsin (H&E). The slides are then assessed for histological evidence of GVHD. Controls are included in every assay and include skin biopsies cultured in medium only and with autologous lymphocytes. The histological findings are not identical to those seen in biopsies s~taken from patients with clinical GVHD. There are, however, many similarities, especially as the damage seen in the positive biopsies affects the basal layer of the epidermis. The grading system used to evaluate the findings was therefore adapted from that originally described by changes of grades II -IV were observed in the skin culture assay and these results correlated with the development of clinical GVHD in five of six HLA compatible marrow donor and recipient pairs.'3 Further studies by Vogelsang et al verified these results and significantly predicted the outcome of GVHD in (27 of 32) patients with HLA identical bone marrow transplants.5 In our laboratory we have now collected data since 1988 and studied 56 HLA and DR matched identical sibling transplants.
The skin explant model correlated with GVHD severity and occurrence in 45 of 56 patients (p < 0.001).8 Using the same assay, a cohort of paediatric patients has recently been studied and the investigators found a predictive value of 91% in a cohort of 13 patients.'0 The assay therefore clearly predicts GVHD. So far only HLA identical sibling transplants have been reported, but there are now centres in Europe taking part in a prospective study to assess the value of the model as a predictive assay for GVHD in matched unrelated transplants as well.
The skin explant model as a research tool Many aspects of GVHD are still poorly understood. The disease clearly involves donor T lymphocytes, as T cell depletion of the donor marrow significantly reduces the incidence and severity of clinical GVHD. However, this approach is associated with a high incidence of disease relapse. The current aim therefore is to be able to control a certain amount of graft-versus-host reaction and preserve the graft-versus-leukaemia effect. The skin explant model has been used to study some of the immunological mechanisms that may be associated with the tissue damage seen. In an early study (1988) the role of effector T cells was investigated by comparing results before and after removal of CD3 positive, CD4 positive, and CD8 positive T cell subsets by antibody and complement cytolysis from responder populations." Only total removal of CD3 positive T cells prevented all histopathological changes of GVHD in the skin biopsy specimens. The results also proved that the CD4 positive population caused the greatest degree of GVHD in vitro in the skin explants and that direct infiltration into skin is not required for changes to become evident. Following on from this study, our group investigated cytokine production by sensitised CD4 and CD8 enriched populations used in the skin explant model.8 This showed that sensitised CD4 populations produced higher tumour necrosis factor a (TNFa) and y interferon (IFNy) than sensitised CD8 enriched populations. Cell-free supernatants from these experiments also induced similar histopathological changes in the skin."' The greatest degree of correlation between the GVHD changes observed with responder cells and the supernatant was shown with CD4 enriched MLC. The supernatants were also assayed for TNFa and IFNy; CD4 enriched MLC populations produced high levels of these cytokines.'4 These results correlated with the grade of GVHD observed in skin explant assays and suggest that TNFa and IFN,y are directly involved in tissue damage during GVHD. One possible explanation for the observation that CD4 responder cells tend to give rise to the greatest degree of GVHD in an in vitro skin explant assay is that during a mixed lymphocyte reaction they secrete high levels of IFNy, which may act synergistically with TNFa to increase the degree of GVHD observed. Cellular damage caused by supernatant alone could be blocked by preincubation of the supernatant with either anti-TNFa or anti-IFNy. The results suggest a role for both these cytokines during GVHD and further suggest that they could act either independently or synergistically to cause cellular damage.
As a negative GVHD result occurred in a proportion of the skin biopsies even in the presence of high levels of TNFa and IFNy, this suggests that cytokine receptors need to be present on cells within the skin biopsy section in order for cytokine induced GVHD to be observed; and further that these receptors may need to be induced by responder cells or other cytokines produced by responder cells. The results using CD8 enriched MLC supernatants also suggested that low levels of biologically active cytokines acting synergistically may be sufficient to produce pathogenic effects. It is now known that cytokines other than TNFa and IFN'y are also involved in GVHD.'5 The stimulation of peripheral blood mononuclear cells with other cytokines such as interleukin (IL)-2 can lead to increased TNFa and IFNy production in vitro'6 and in vivo." 18 It has also been suggested that the cytokine produced and involved in GVHD may depend on the subsets of T cells that are stimulated and are at the site of the lesion.'9 Clinical studies have shown that low levels of IL-10 production in vitro correlate with increased incidence of GVHD.20 High spontaneous levels of IL-10 production before conditioning are associated with lack of TNFa release and the absence of acute GVHD or other severe transplant related complications.2' Recent work in our laboratory on cytokine gene polymorphism has shown that certain microsatellites of the IL-10 promoter region are associated with more severe GVHD and this correlates with severity of histopathological damage as measured in the skin explant assay. 22 Recently human umbilical cord blood has been shown to be a rich source of haematopoietic progenitor cells and could substitute for bone marrow in allogeneic stem cell transplantation.23 Cord blood transplantation has been successfully used in children, and in these paediatric recipients the incidence of acute GVHD is very low.24 25 The immunological mechanism underlying this phenomenon is not clear, so a study was set up to investigate the alloreactive capacity of cord blood cells in vitro using the skin explant model. 26 The results showed, for the first time, that cord blood mononuclear cells are less able to induce skin GVH type alloreactivity in vitro. Some changes typical of a GVHD reaction were still seen, but the grade of histological damage was less than that induced by peripheral blood mononuclear cells. Thus, while cord blood lymphocytes may still be capable of producing some GVHD, its severity appears to be reduced. This observation has been further substantiated by recent results from Rubinstein et al. 27 These investigators also presented the first clear in vitro demonstration that a proportion of cord blood mononuclear cell samples were "tolerant" to high levels of HLA mismatches (3-6 Ags), as they did not generate high levels of alloreactive cytotoxic T lymphocytes or severe skin graft-versus-host type alloreactivity. The results provide a cellular basis for the possibility of using HLA mismatched unrelated cord blood cells as transplant material.
Conclusions
We have used a skin explant model in various studies to predict GVHD in patients who receive transplants from HLA identical siblings. From analyses of collective data the model is a clear predictor of GVHD and superior to the other assays that are in widespread use, such as the MLC, CTLp, and HTLp assays. The model can be used to aid donor selection where more than one sibling or matched unrelated donor is available. The importance of models such as this lies in the insight they provide into the functional capacity of the alloreactive cells. The skin explant model allows the investigator to study the mechanisms behind the cellular damage associated with GVHD, in particular the role of cytokines. These studies can be extended to investigate adhesion molecules and transduction pathways, apoptosis mechanisms, and cytokine production in relation to cellular damage. The model can also be used to test the role of immunosuppressive drugs in downregulating alloreactive responses, and the results from the GVHD predictive assay may also form the basis of a clinically useful "risk index" for predicting GVHD in HLA identical sibling transplants. The skin explant model is currently being assessed in several other European centres on different patient groups who receive marrow from haploidentical and matched unrelated donors, where it may in the future prove useful in predicting not just acute but also chronic GVHD, which is more prevalent in these types of transplant.
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